Lichen studies, including biodiversity, phylogenetic relationships, and conservation concerns require definitive species identification, however many lichens can be challenging to identify at the species level. Molecular techniques have shown efficacy in discriminating among lichen taxa, however, obtaining genomic DNA from herbarium and fresh lichen thalli by conventional methods has been difficult, because lichens contain high proteins, polysaccharides, and other complex compounds in their cell walls. Here we report a rapid, easy, and inexpensive protocol for extracting PCR-quality DNA from various lichen species. This method involves the following two steps: first, cell breakage using a beadbeater; and second, extraction, isolation, and precipitation of genomic DNA. The procedure requires approximately 10 mg of lichen thalli and can be completed within 20 min. The obtained DNAs were of sufficient quality and quantity to amplify the internal transcribed spacer region from the fungal and algal lichen components, as well as to sequence the amplified products. In addition, 26 different lichen taxa were tested, resulting in successful PCR products. The results of this study validated the experimental protocols, and clearly demonstrated the efficacy and value of our KCl extraction method applied in the fungal and algal samples. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:// creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Over 19% (approximately 14,000 species) of all known fungi are lichenized [1] , and it is estimated 8% of terrestrial ecosystems are covered by lichens [2] . Lichens are mutualistic organism; a composite of a fungus and photosynthetic partner, which can be an alga, cyanobacterium, or both. The organisms exhibit a broad geographic and ecological distribution, from tropical to polar regions worldwide [3] . Lichens have shown utility in the medical community. Metabolites produced by some species exhibit broad-spectrum antibiotic, anti-tumor, and antioxidant activities [4] . Molecular biology approaches are now well-developed, and applied to address a broad range of scientific questions. Morphologybased lichen identification for biodiversity, conservation, phylogenetic, and population level studies, among others is required in conjunction with studies using molecular markerbased information, including internal transcribed spacer (ITS), large subunit RNA (LSU), small subunit RNA (SSU), and other regions that evolve at desired evolutionary rates [5] [6] [7] [8] . Therefore, PCR and DNA sequencing are routinely employed to examine sequence information among lichen taxa [9] .
However, obtaining genomic DNA from lichens has been challenging due to high protein and polysaccharide levels, and tough cell walls [10] . Furthermore, because lichens typically grow very slowly, inadequate fresh material cannot always be field collected for some species. A number of different DNA isolation methods have been developed for from herbarium and fresh lichen material [6, [11] [12] [13] [14] . In general, highly sophisticated methods for lichen cell wall disruption, and expensive commercial kits have been applied to obtain genomic DNA. However, for identification purposes, PCR-quality genomic DNA should be suitable for amplification, which ranges from 500 bp to 1,500 bp.
For these purposes, a rapid, easy, and inexpensive method to extract PCR-quality DNA from various lichen taxa
MATERIALS AND METHODS

Specimens: fresh and preserved lichen collections.
All the lichen thalli applied in this study were obtained from the Korean Lichen Center (KoLRI) at Sunchon National University (Sunchon 540-742, Korea). Material from 12 different species, i.e., 113 samples representing the species was obtained from herbarium specimens ( Supplementary  Table 1 ). In addition, twenty-six different species was obtained from fresh material ( Supplementary Table 2 ).
Reagents and solution.
KCl extraction buffer: 100 mM Tris · HCl (pH 8.0), 10 mM EDTA (pH 8.0), 1 M KCl; 1× TE buffer: 10 mM Tris · HCI (pH 8.0), 1 mM EDTA (pH 8.0); Chloroform; Isopropanol (chilled); Ethanol 70%; 3 M NaCl.
DNA isolation. Schematic diagram was presented in Fig. 1 
RESULTS AND DISCUSSION
Twelve lichen species were selected as representatives to compare DNA yield and quality between the KCl method we developed for lichens, and a general commercial DNA extraction kit (DNeasy Plant Mini Kit; Qiagen, Valencia, CA, USA). Genomic DNA yield and quality is provided in Table 1 . Our method resulted in relatively high DNA concentrations, ranging from 54~566 ng/mg (average, 192.3 ng/mg) in lichen samples, whereas comparatively lower DNA concentrations were detected from the commercial kit, ranging from 11 to 500 ng/mg (average, 102.6 ng/mg) ( Table 1) . Therefore, our method out performs standard commercial DNA extraction kits, resulting in higher DNA yield from small amounts of lichen tissue. The highest DNA concentration was obtained from Punctelia subflava using our method, which was coincidentally one of the two lowest generated using the commercial kit (11 ng/mg and 12 ng/mg, respectively) ( Table 1) . Moreover, the A260/ 280 ratio ranged from 1.5 to 2.1 using both methods, indicating low protein contamination. However, the average A260/280 ratio for our manual method showed slightly higher quality (1.88) compared to the commercial kit (1.78) ( Table 1) . DNA suitability for PCR amplification was verified by examining several primer sets. The PCR products generated using LSU and SSU are shown in Fig. 2A and 2B, respectively. DNA was extracted from lichen thalli, which is composed of a fungus and its photobiont alga. Piercey-Normore and DePriest [16] developed specific primer sets to selectively amplify fugal and algal ITS regions, respectively. We adopted specific primer sets to compare our KCl method, and the commercial kit. Identical PCR products were obtained from both methods in fungal (Fig. 2C, upper) and algal ITS regions (Fig. 2C, lower) . Furthermore, five amplified PCR products generated by the KCl method were selected for sequencing fungal and algal ITS regions (asterisks, Fig. 2C lower left) . Successful sequencing results were obtained in the fungus and alga through direct sequencing without cloning. These sequences were registered in GenBank ( Supplementary Table 1 ).
During DNA isolation, gelatinous DNA pellets were obtained from many species, which indicates high polysaccharide concentrations. All 12 DNAs from Umbilicaria esculenta ( Supplementary Table 1 ) yielded gelatinous pellets, which were hard to dissolve in TE. Previous studies reported highsalts, such as NaCl, effectively remove plant polysaccharides [17, 18] . Therefore, polysaccharides were removed by applying 1 M NaCl (final concentration) to DNA dissolved in 100 mL TE; and subsequent DNA precipitation by addition of 0.6 volumes of isopropanol. Results showed Fig. 2 . Electropherograms of PCR products amplified using 12 representative DNA samples species extracted using our KCl method, and the commercial kit. Comparison of DNA samples extracted with our KCl method (on left) and commercial kit (on right). PCR amplifications were as follows: A, large subunit RNA (LSU) region; B, small subunit RNA (SSU) region; and C, internal transcribed spacer (ITS) specific fungal and algal primer region; upper and lower gel sections show fungi and algae, respectively. Asterisks: Five amplified PCR products generated by our KCl method were selected for sequencing fungal and algal ITS regions. These sequences were registered in GenBank. Representative lichen species: 007293, Flavoparmelia carperata; 007742, Heterodermia diadermata; 000978, Heterodermia hypoleuca; 009659, Lobaria discolor; 008278, Lobaria retigera; 001899, Peltigera praetextata; 011648, Myelochroa entotheiochroa; 011592, Myelochroa irrugans; 016180, Parmotrema tinctorum; 010394, Peltigera polydactylon; 007637, Punctelia subflava; 007349, Umbilicaria esculenta. most polysaccharides were effectively removed; purified DNA was easily dissolved in TE, leaving the amplified target region for PCR. This result showed NaCl effectively remove lichen polysaccharides.
We also successfully applied this method to over 113 additional isolates, which included 12 different taxa (genera, species, and subspecific taxa) collected from 2002 to 2010 (Supplementary Table 1 ). The specific fungal and algal ITS region was successfully amplified (Fig. 3 ). In addition, our KCl method was applied to examine 50 samples from 26 different lichen taxa (Supplementary Table 2 ), amplifying a larger PCR product, which included the ITS region plus 26S rRNA (> 1.0 kb); successful PCR products were obtained (Fig. 4) . Collectively, these results indicated that the KCl method was applicable to herbarium and field collected lichen specimens ( Supplementary Table 1 ), but also varied lichen taxonomic levels ( Supplementary Table 2, Fig. 4) .
A simple and cost effective protocol for extracting lichen genomic DNA was proposed in this study. The KCl DNA extraction method described here permits extraction from a wide range of lichen species (Supplementary Tables 1  and 2) , and amplification of primary molecular clockrelated genes [9] , including ITS, LSU, and SSU (Fig. 2) .
The KCl based DNA extraction method was originally designed as an easy and rapid method to PCR amplification in plants [19] and has since been widely employed in fungal DNA extraction, including successful use in Magnaporthe and Fusarium [15] . Unlike former protocols, we included a chloroform extraction step to increase DNA quality, which was effective in most lichen taxa (data not shown). Moreover, the addition of 1 M NaCl for high polysaccharide concentrations in lichens resulted in notable polysaccharide removal, and also increased DNA quality (data not shown).
Compared to existing methods [11] [12] [13] , our KCl extraction approach exhibits several advantages; a very low learning curve, and cost effectiveness, which include materials and time. First, the KCl method does not involve complicated processes, expensive reagents, and low temperature centrifugation. Therefore, the method is easy to learn, and applicable for a general laboratory. Second, the time required for DNA extraction is short; for example, it is possible to process over 100 samples in 1~2 hrs. This is primarily due to the absence of an incubation time with lysis buffer, and a short centrifugation time. Furthermore, it is possible to pause (or prolong) the isolation if necessary after the addition of isopropanol, for example overnight or longer. Third, the method requires a small amount of lichen thalli (< 10 mg). DNA yields (54~566 ng/mg) were higher than those previously obtained by sodium dodecyl sulfate (7-12 ng/mg), or cetyltrimethylammonium bromide (CTAB; 15~25 ng/mg), or defined CTAB method for lichen (> 25 ng/mg) [11] . The average DNA quality was also slightly higher than that observed from the commercial kit ( Supplementary Table 3 ). Finally, our KCl method can reduce contamination potential because it excludes contact with contaminants such as mortar, pestle, and other equipment.
In summary, our KCl DNA extraction method demonstrated high efficacy in PCR amplification and sequence analysis from herbarium and fresh lichen materials across a wide range of lichen species, including the fungal and algal components. Therefore, the methodology provides a simple, cost effective, and readily available protocol suitable for use with various lichen materials to examine fungal and algal population dynamics, phylogenetic relationships, biodiversity, and conservation concerns. 
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